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Accuracy in Trace Analysis 



Lithium and copper are distributed equally be- 
tween cells and serum. However, red cells contain 
more magnesium, zinc, and iron than does serum. 
To assure analytical accuracy, hemolysis should be 
avoided. Also, cells and sera must be separated 
shortly after sample collection. 

Since aqueous solutions leach magnesium from 
glass containers, materials and reagents meant for 
magnesium analysis should be stored in plastic con- 
tainers washed to reduce trace metal content. 

Specimens for zinc analysis are best collected 
and stored in washed plastic containers to avoid 
contamination by the zinc present in rubber stop- 
pers of the usual evacuated tubes. 

Both flame and electrothermal atomization tech- 
niques can be applied to the analyses of these 
metals. Flame atomization is more practical for 
routine clinical determinations of lithium, magne- 
sium, and zinc. Electrothermal atomization is pre- 
ferred for copper and iron analyses. Background 
correction is essential for electrothermal atomiza- 
tion AAS. 
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Accuracy in clinical chemistry analyses remains 
vague and difficult to quantitate in individual sam- 
ples. The analytical chemistry principles of stan- 
dard addition, interference studies, reagent blank 
studies, the use of National Bureau of Standards' 
Standard Reference Materials (NBS-SRMs) and 
the development of definitive analytical methodol- 
ogy have contributed significantly to the improve- 
ment of the accuracy of clinical chemistry methods 
in the last 25 years. However, absolute accuracy 
for all biological samples remains an unattainable 
goal for the field of clinical chemistry analysis. 

Clinical chemistry as a distinct field started to 
evolve principally from biochemistry shortly after 
the turn of this century. Analytical chemistry 
method development at that time was hindered by 
the unavailability of highly pure and stable chemi- 
cal standards. Frequently, clinical correlation of 
laboratory numbers to the patient's medical condi- 
tion was one of the major pieces of information 
that was used to assess the accuracy of the labora- 
tory measurement. As commercial sources of 
chemical standards became available, products 
from different companies were compared and ex- 
change of samples between laboratories ("round 
robins") revealed many accuracy and cahbration 
problems with the analytical measurements. In the 
late 1950's when the AutoAnalyzer became com- 
mercially available from the Technicon Corpora- 
tion, common calibration materials and reagents 
from Technicon greatly reduced the bias in labora- 
tory results between different hospital laboratories. 
In addition, the precision of the analytical methods 
dramatically improved as a result of the Technicon 
mechanization of the measurement process. How- 
ever, this increase in precision did not bring 
with it the expected improvement in accuracy. 

The focused emphasis on increased accuracy in 
clinical chemistry analysis in the 1960's was ini- 
tiated and led by the National Bureau of Standards 
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(NBS). In 1966, Dr. W. Wayne Meinke presented a 
talk at the national meeting of the American Asso- 
ciation for Clinical Chemistry (AACC) on. "Stan- 
dards." In June of 1969, the National Institutes of 
Health (NIH) announced they would award 3 mil- 
lion dollars to NBS for the development of SRMs 
for the clinical chemistry laboratory. A progress 
report of the research at NBS was written by Dr. 
Meinke and appeared in Analytical Chemistry [1]. 

With the availability of the NBS-SRMs, clinical 
chemists quickly found they were unable to obtain 
the correct answers for the highly purified refer- 
ence materials using their usual daily cliaical labo- 
ratory instruments and methods. Further, if they 
used the NBS-SRM materials to calibrate the meth- 
ods in daily use, the "normal ranges" would have 
to be significantly changed from the long estab- 
lished textbook values. This was not acceptable in 
most laboratories. 

The Clinical Laboratory Improvement Acts of 
1969 and 1973 and the Medical Device Law of 
1976 forced accuracy issues and changes upon the 
field of clinical chemistry. This demand occurred 
at a time when the capabilities for improved accu- 
racy were limited and when this goal was difficult 
to achieve. 

The original intention of the improvement acts 
was to make sure that Medicare and Medicaid pay- 
ments were being made for quality health care de- 
livery. It appears that one of the achievements of 
the laws was the limitation of interstate commerce 
of samples and laboratory results. These laws also 
caused the proliferation of proficiency testing as a 
measure of the quality of a laboratory. We have 
since learned that proficiency testing is not a de- 
pendable way to detect inaccurate laboratory re- 
sults. 

The Medical Device law of 1976 produced a 
flurry of activity at the Food and Drug Adminis- 
tration (FDA) causing them to work on "reference 
methods" of analysis, while at the NBS^ efforts 
were directed at development of "definitive meth- 
ods." The definitive methods have been, and con- 
tinue to be, successfully used and continue to be 
developed. These definitive methods have im- 
proved the quality of data and information that 
proficiency testing programs can obtain. The de- 
velopment of reference methods has not produced 
similar successes. 

In the 1980's the FDA has had as one of its mis- 
sions the classification and pre-market evaluation 
of many conraiercial products used in clinical labo- 
ratories. Initially, for analytical and instrumental 



methods of analysis, a requirement of FDA was 
that a new proposed method must produce results 
that have a high positive correlation with the pre- 
viously accepted physical-chemical method of 
analysis. In the area of drug analysis, the accepted 
method was often gas or high pressure liquid chro- 
matography, occasionally with mass spectrometry. 
After many months of testing, most of the original 
immunochemical methods presented to FDA did 
not meet the expected performance standards. The 
FDA developed a large backlog of 510(k)'s and the 
commercial companies discovered that by present- 
ing their new methodology as "substantially equiv- 
alent" the approval rate increased and delay at 
FDA was shortened. This procedural change by 
the manufacturers and at FDA rapidly improved 
the efficiencies of handling the 510(k)'s at FDA. 

Today, decentralization of clinical chemistry 
testing is occurring rapidly and estimates for the 
size of the business of home testing and doctor's 
office testing is at $400 million per year. Establish- 
ment and maintenance of high accuracy in these 
decentralized facilities are increasingly difficult to 
achieve. 

Nerve tissue aluminum, urine cadmium, whole 
blood cyclosporine, serum theophylline, and serum 
cholesterol are five examples of analytes where 
methodologic difficulties and/or lack of accuracy 
can. produce analytical results of poor quality. In 
the graphite furnace atomic absorption spectromet- 
ric (GFAAS) method of measuring aluminum in 
neuronal tissue [2] variations in the matrix, even 
after digestion, apparently cause inaccuracy prob- 
lems [3]. In the GFAAS method of measuring cad- 
mium in urine, the spectral interference of sodium 
in the sample is the most difficult matrix problem 
that can contribute to inaccurate results [4]. In the 
HPLC method of measuring whole blood cy- 
closporine [5], many metabolites, interferences due 
to hemoglobin and bilirubin, and nonreproducibil- 
ity of the sample preparation steps all contribute to 
Inaccurate results. Using inununochemical methods 
to measure serum theophylline creates inaccurate 
laboratory data when the samples are from patients 
that have renal failure. In the case of serum choles- 
terol analysis, the iower-than-desired accuracy is 
principally due to matrix interferences in the rou- 
tine methodology used in clinical laboratories. 

The above examples of inaccuracies would be 
much more serious but for the ways that physicians 
use laboratory results. If the quality of the analytical 
results are high then much more effort is invested 
in attempting to make logical decisions with that 
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data. If the quality of the laboratory is poor then 
the decision may be made to ignore the laboratory 
result and proceed to "care for the clinical condi- 
tion of the patient." Alternately, the physician may 
decide to reorder the test a second time to see if a 
statistically different result is obtained. 

Most interferences in analytical methodologies 
can be eliminated by a chromatographic sample 
preparation step prior to analysis. However, chro- 
matographic separations are not usually automated, 
are poorly mechanized, and add time and expense 
to the analysis. In a high volume service clinical 
chemistry laboratory, the extra step required by a 
chromatographic separation is very undesirable. 
Therefore, today many inaccuracies remain with 
the routine methods used rather than adapt a cure 
for the accuracy problem by adding a manual chro- 
matographic sample preparation step. 

In conclusion, the development of highly accu- 
rate instrumental methods of chemical analysis for 
the chnical laboratory remains a very difficult task. 
When one includes the nonanalytical priorities in 
method development, then decreasing emphasis on 
accuracy is often accepted by members of this 
field. Decentralization of the service laboratory 
causes some additional reassessment of the crheria 
for test methods. A list of desired characteristics 
for test methodology can be created. That hst of 
performance crheria in decreasing order of impor- 
tance is: 24-hour availability of results, minimum 
sample pretreatment, wide selection of different 
types of tests, low operator skill, high precision, 
low total cost per analysis, short throughput time, 
and high accuracy. 

Analytical chemistry has much to contribute to 
the field of clinical chemistry analysis but ways 
must be found to produce highly accurate test re- 
sults while lowering the cost and decreasing the 
difficulty of the analysis. We as analytical chemists 
have addressed the cost issue but have not con- 
tributed much to the improvement of accuracy 
while simplifying the technical difficulty of the 
clinical laboratory tests. This last task then remains 
as a challenge for the near future. 
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Positron Emission Tomography (PET) is an es- 
tablished method for probing biochemical pro- 
cesses in vivo and holds promise for being an 
established clinical tool [1-4]. PET produces cross- 
sectional tomographic images which monitor fun- 
damental physiologic, biochemical and pharmaco- 
logical processes such as glucose metabolism, oxy- 
gen utilization, blood flow, amino acid and fatty 
acid transport and metabolism, tissue receptor and 
drug binding characteristics. PET is similar to x- 
ray Computed Tomography (CT) and Magnetic 
Resonance Imaging (MRI) in that it is a computed 
tomographic technique. Unlike these clinical tech- 
niques, PET requires the injection of a positron 
emitting compound of particular physiologic inter- 
est. At present, the positron emitting radionuclides 
commonly being investigated include carbon-11 
(fi/2=20.4 m), mtrogen-13 (^1/2 = 9.98 m), oxygen-15 
ltui= 123 s) and fluorine-18 (ri/2= 109.8 m). The re- 
strictions imposed upon the pharmaceutical 
chemist due to the physical half lives of these ra- 
dionuclides mandate not only a sensitive, but also a 
rapid quality assurance program for the finished 
formulations. The preparation of a class of fatty 
acids is an excellent illustrative example of the 
technical difficulties and chemical subtleties associ- 
ated with the research effort on short-lived radio- 
pharmaceutical diagnostic compounds. 

Biologically, long chain fatty acids are important 
substrates utilized to meet the myocardial energy 
requirements. It is theorized that PET might 
provide insight into changes in the utilization of 
these compounds as a result of therapies or organ 
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